The present investigation was carried out to determine the contamination, enrichment and 
INTRODUCTION
The ever increasing human population, industrialization and urbanization severely deteriorated the quality of aquatic resources like pond, lakes, rivers and streams Kumar and Chopra, 2012a) . The untreated or partially treated sewage and industrial effluents collectively is directly disposing in the aquatic environment (Kumar and Chopra, 2013, 2015; Pathak et al., 2011; Qadir et al., 2009 ). The domestic wastewater and industrial effluent contain an extensive range of chemicals, heavy metals and microbial pathogens. Pollution of the soil and water and agricultural crops with heavy metals is currently of great concern to human health (Arora et al., 2014; Chaturvedi et al., 2013; Kumar and Chopra, 2013) . The enrichment of pollutants especially heavy metals in the water, soil and then in agricultural crops due to urbanization and industrialization is one of the major environmental problems globally Clemente et al., 2008) . Heavy metals are 253 Vinod Kumar et al. /Arch. Agr. Environ. Sci., 3(3): 252-260 (2018) considered one of the most widespread pollutant having toxic effects on plants and animals Kumar and Chopra, 2012b) . These heavy metals come in to the environment from diverse industrial processes, domestic wastewater discharge and use of chemicals in agricultural practices (Sridhara et al., 2008; Al-Lahham et al., 2003) . These metals enter in the living beings through food chain, accumulate, magnify and cause various health problems beyond a prescribed level (Kumar and Chopra, 2012a, b; Wang et al., 2007; Muchuweti et al., 2006; Sharma et al., 2006) . Globally, the fresh water resources are continuously shrinking due to over exploitation, pollution activities, uneven distribution of rain fall and frequent drought. On the other hand the use of aquatic resources as a medium for the disposal of the domestic and industrial wastewater is becoming increasingly common (FAO/WHO, 2011; Sharma et al., 2006; Yadav et al., 2002) . In many developing countries, rivers are severely polluted due to the discharge of untreated or partially treated effluents (Javed et al., 2016; Kumar and Chopra, 2013; Chopra et al., 2013) . The contaminated wastewater of these rivers is frequently used in the agricultural practices by the farmers due to the scarcity of irrigation water, high cost of chemical fertilizers and easy access and rich nutrients contents of wastewater. Therefore, use of contaminated wastewater in the cultivation of agricultural crops may enhance the contents of different heavy metals and microbial pathogens in the soil and then in the crop plants (Arora et al., 2014; Kumar and Chopra, 2012a, b) .
Intake of contaminated vegetables with heavy metals and microorganisms may cause different health hazards (Muchuweti et al., 2006; Sharma et al., 2006) . In the recent past various studies have been conducted on the characteristics of water flowing in different polluted rivers worldwide and their utilization in the cultivation of agricultural crops (Javed et al., 2016; Sharma et al., 2014; Lewis, 2007) . Although, there are few scientific reports are available on the water quality of the Hindon River but comprehensive research should be required on the chemical, heavy metals and microbial load of water of the Hindon River, and their impact on the soil and cultivated agricultural crops in the vicinity of the Hindon River, India (Sharma et al., 2014; Lewis, 2007) . Therefore, regular monitoring of the water quality of the rivers, its impact on soil and vegetable crops can prevent the possible health hazards due to the consumption of contaminated vegetables. Keeping in view the global river pollution and the importance of rivers in the developments, the present investigation was aimed to determine the contamination, enrichment and translocation of heavy metals in different leafy vegetables viz., spinach (Spinacia oleracea L.), fenugreek (Trigonella foenumgraecum L.) and coriander (Coriandrum sativum L.) grown in composite effluent irrigated soil in the vicinity of Hindon River, India.
MATERIALS AND METHODS

Description of study area
The present investigation was carried out in the vicinity of January and 44 °C in May and June. Average annual precipitation in the study area is about 10 to 20 mm from July to September thus this region comes under semiarid agro-climatic zone of the country. Therefore, evapotranspiration rate is also very high due to high temperature regime which affects the irrigation practices and their schedule in the study region. The farmers are using the water of Hindon River to irrigate their agricultural crops since more than 25 years. However, during the last decade rapid industrialization and urbanization severely deteriorated the quality of water flowing in the Hindon River. Now days the farmers are using the amalgam of domestic as well as industrial effluents in the cultivation of agricultural crops in the vicinity of the Hindon River at Saharanpur and other districts of the Uttar Pradesh state. The spinach (Spinacia oleracea), fenugreek (Trigonella foenum-graecum) and coriander (Coriandrum sativum) are the most common crops and widely cultivated in this region and used for making various dishes and green veggies as these green leafy vegetables are packed with minerals and vitamins (Kumar and Chopra, 2012b) .
Experimental design
The present study was carried out at Paragpur Must village located at the bank of the Hindon River during the year 2015 (Figure 1 ). During the present study, the experimental area was divided into eighteen subplots (4×4 m foenum-graecum and C. sativum were sown during the end of the October, 2015. The composite effluent is pumped from the Hindon River using pumping sets to the agricultural fields through the plastic or PVC pipes and used to irrigate the agricultural crops through the small irrigation channels. The plants were irrigated once in a week with the composite (amalgam of sewage and industrial effluent) effluent of the Hindon River through the irrigation channel at the agriculture fields. Similarly, groundwater irrigated plants of S. oleracea; T.
foenum-graecum and C. sativum were considered as controls. , Cd, Cr, Cu, Fe, Mn, Pb, Zn, total bacteria, total fungi, actinomycetes, coliform bacteria and yeast following standard methods cited by Chaturvedi and Sankar (2006) .
Collection of effluent, soil samples and their analysis
Collection of vegetable samples and their analysis
The samples of S. oleracea, T. foenum-graecum and C. sativum cultivated in the composite effluent and ground water (control) irrigated agricultural fields were procured from the local farmers of the Paragpur Must village. The samples were washed thoroughly and their root, stem, leaves and fruits were separated using a sharp knife. The samples were then oven dried and used for metals extraction using di acid (H 2 SO 4 and HClO 4 ) digestion method separately. The samples of root, stem, leaves and fruits of S. oleracea, T. foenum-graecum and C. sativum were analyzed for Cd, Cr, Cu, Fe, Mn, Pb, Zn using atomic absorption spectrophotometer following standard methods (Chaturvedi and Sankar, 2006; APHA, 2012) . The enrichment factor is the ratio of the mean metal concentration of the effluent irrigated sample and control (groundwater). The enrichment factor of different heavy metals in the soil and S. oleracea, T. foenumgraecum and C. sativum were calculated following the equation:
Statistical analysis of the data
The data was statistically analyzed for one way analysis of variance (ANOVA) to determine the significant difference in the characteristics of soil and vegetable crops S. oleracea, T. foenum-graecum and C. sativum before and after composite effluent irrigation using SPSS 16. Student t test was performed to differentiate the characteristics of composite effluent and ground water using MS Excel 2013. Graphs were plotted using Origin 8.5. 
RESULTS AND DISCUSSION
Characteristics of composite effluents
In the present study the characteristics of the composite effluent of Hindon River showed that the effluent was signifi- and which may produce salinity of the soil if the effluent used frequently for irrigation. Kumar and Chopra (2012a) also reported more values of EC in the paper mill effluent due to the presence of higher ionic species in the paper mill effluent. More values of TDS, BOD 5 , COD and TKN of the composite effluent are associated with the presence of more oxidizable organic matter in the effluent and it is likely due to the discharge of sewage wastewater in the Hindon River (Table 1) Haridwar in the Ranipur Rao River at Haridwar, India. The considerable microbial load as total bacteria, total fungi, coliform bacteria and yeast were observed in the composite effluent of the Hindon River and these characteristics are in the conformity of more organic matter in the effluent due to discharge of domestic sewage in the Hindon River. Pathak et al. (2011) also reported the more values of total bacteria, total fungi and coliform bacteria in the sewage effluent. Generally, our aquatic resources like lakes, steams and rivers are converting in to adversely polluted water courses due to discharge of the municipal sewage and industrial effluents due to inadequate, unsatisfactory, unscientific and costly treatment technologies as reported by Pathak et al. (2011) . Therefore, the composite effluent flowing in the Hindon River contain higher chemical and microbial load due to discharge of the sewage wastewater and industrial effluent.
Effects of composite effluent on soil characteristics
The results of the present investigation showed that composite effluent irrigation significantly (P<0.05) altered the soil charac- , Cd, Cr, Cu, Fe, Mn, Pb, Zn, total bacteria, total fungi, actinomycetes, coliform bacteria and yeast of the soil used for the cultivation of S. oleracea, T. foenum-graecum and C. sativum were recorded to be positively correlated with the characteristics of the composite effluent (Table 3 
Translocation and enrichment of heavy metals in vegetable crops
During the present investigation composite effluent irrigation significantly (P<0.05/P<0.01) increased the contents of heavy sativum was recorded to be plant part specific and it is likely due to the specific uptake strategy for different heavy metals and protection mechanism of the crop plants against the toxicity of the heavy metals as earlier reported by Muchuweti et al. (2006 
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Conclusion
In conclusion of this investigation, the Hindon River is being adversely polluted due to the disposal of the domestic sewage 
